Introduction: Cognitive performance and inflammation are altered in people with chronic low back pain (CLBP). Yet, the magnitude of these changes has been unclear because of the potential influence of opioid analgesics. Objectives: This cross-sectional pilot study aimed to explore whether patients with CLBP receiving long-term opioid analgesics differed from patients not taking opioids on measures of cognitive performance and plasma cytokine concentrations. Methods: Patients with CLBP who were either taking (N 5 18) or not taking (N 5 22) opioids daily for 3 or more months were recruited from a tertiary care private hospital and compared with healthy adults (N 5 20). All groups were administered validated questionnaires to assess depression, anxiety, and stress; a cognitive test of memory, attention, and executive function; and a peripheral blood draw to measure proinflammatory (IL-1b, IL-2, IL-8, IL-12p70, TNF-a, and IFN-g), anti-inflammatory (IL-4, IL-10, and IL-13), and pleiotropic (IL-6) cytokine concentrations. Patients also completed pain-specific questionnaires. Results: Patients receiving opioid analgesics performed significantly (P , 0.05) worse in attention and had significantly (P , 0.05) lower pain self-efficacy beliefs than those patients not taking opioids. Patient groups did not differ in mean pain severity or pain interference scores, tests of memory and executive function, and mean plasma cytokine concentrations, despite long-term opioid analgesics. Conclusion: Patients receiving long-term opioid analgesics for CLBP have minor differences when compared with patients not taking opioids. This has important clinical implications when considering long-term treatment for patients with CLBP.
Introduction
Chronic low back pain (CLBP) is a complex, multifactorial condition that is difficult to treat. Now the leading cause of disability, 26 CLBP places a huge economic burden on the health care system. 22 The multidisciplinary management of CLBP is the preferred treatment approach yet, the prescription of opioid analgesics continues to increase in high-income countries while the long-term use of opioids remains controversial. 1 People with CLBP experience greater cognitive difficulties in memory, 38 attention, 37 and executive function 7 compared with people who do not have pain. In addition, people with CLBP may experience coexisting disorders such as depression 49 and/or anxiety, 3 respond with catastrophizing thoughts and feelings or experience low self-efficacy beliefs. 19 Accounting for cognitive decline, coexisting disorders, and contributing psychosocial factors experienced by people with CLBP is key in understanding the overall pain experience. Therefore, this cross-sectional pilot study has included tests and questionnaires that measure cognitive performance, symptoms of depression, anxiety and stress, and pain catastrophizing and pain self-efficacy beliefs.
Inflammation contributes to the biological mechanisms underpinning chronic pain. 4 Once activated, immune cells secrete
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proteins, such as cytokines, that drive the process of inflammation. Studies have found an imbalance between proinflammatory and anti-inflammatory cytokines in the periphery of people with CLBP. 5, 8 However, to date, there has been considerable between-study variability in plasma sampling times, sample handling procedures, the type of cytokines measured, and/or assay methodologies used. 2, 27, 41, 53 Hence, our pilot study uses, for the first time in human plasma samples, multiplexed technology to quantify multiple proinflammatory (IL-1b, IL-2, IL-8, IL-12p70, TNF-a, and IFN-g), anti-inflammatory (IL-4, IL-10, and IL-13), and pleiotropic (IL-6) cytokines to provide recommendations for future research.
It is now established that cognitive processing and inflammation are interconnected in the neurobiology of chronic pain. 32 Opioids have been found to independently impair cognitive performance 46, 48 and alter cytokine concentrations 55 in people with CLBP. Yet, previous studies have not controlled for opioids or collectively measured cognitive performance and cytokine concentrations in patients with CLBP, despite the strong biological relationship. Thus, previous studies have not adequately attributed cognitive decline or altered cytokine concentrations in people with chronic pain to the opioids, other medications, or the pain itself. Our study controls for the use of opioids by replicating the design of Schiltenwolf et al., 46 which uses 2 patient groups and healthy controls (HCs), to better delineate the differences between patients who do and do not take long-term opioid analgesics. As this is the first time cognitive performance and cytokine concentrations have been measured collectively, we designed a pilot study to explore the differences between patients with CLBP who were and were not taking longterm opioid analgesics. We hypothesized that patients with CLBP who were established on long-term opioid analgesics would perform worse on cognitive tasks and experience further alterations in inflammatory plasma cytokine profiles than those patients who were not using opioid analgesics.
Methods

Participants
Forty consecutive patients were recruited by invitation from their Pain Specialist at a private tertiary hospital in Brisbane, Australia. Patients were included if they: (1) had been diagnosed with CLBP by a Pain Specialist (B.M. or J.O.C.), which was not a result of stroke, postherpetic neuralgia, diabetic neuropathy, polymyalgia, or cancer, (2) were not currently taking nonsteroidal antiinflammatory drugs (NSAIDs) or had refrained from taking NSAIDs 7 days before the blood draw, (3) were English language literate, (4) were 18 years and older, and (5) were able to provide written informed consent. Participants were excluded if they had a major psychiatric disorder such as schizophrenia and/or psychosis.
No participant declined the invitation to participate or received an incentive to participate. Patients were categorised into those who had been established on long-term opioids, defined as consecutive opioid prescriptions for 3 or more months 9 (OP; N 5 18), and those who were opioid-naive, defined as having no daily opioid dosing for 3 or more months (NO; N 5 22) . Previous studies have defined opioid-naive patients as those who have abstained from repeat opioid dosing for a 2-to 3-week period. 30, 46 Therefore, our conservative limit of 3 or more months ensures that patients in the nonopioid group well represent an opioid-naive cohort. The patient subgroups were assigned based on the medication listed in the patient's medical record. After this information was obtained, the patient's opioid status (ie, if or when the patient commenced or ceased opioids) was confirmed by the patient and their treating Pain Specialist (B.M. or J.O.C.). An additional group of adults without chronic pain, who were not taking any regular medications that may affect cognition or inflammation, were recruited by word of mouth and classified as HCs (N 5 20). The categorisation of participants, OP, NO, and HC, replicates the subgroups used by Schiltenwolf et al. 46 No power calculations were performed to determine the sample size, as this is a pilot study; however, the number of participants per group was based on those included in previous studies. 29 . After a patient was invited to participate by their Pain Specialist and/or an HC was identified, the objectives and the tasks involved in the study were explained verbally by the researcher and supplemented with an information sheet. Written informed consent was then obtained from all participants before any study procedure was commenced. The researcher then interviewed or scheduled a suitable time to interview the participant to complete the questionnaires, administer the neuropsychological assessment, obtain the blood sample, and process the blood sample to produce plasma that was frozen for its later analysis. All data collected were deidentified and stored in a secure manner as per the ethical guidelines and good clinical practice.
Measures
Participants were asked to complete the following questionnaires:
Demographics and medical history
This questionnaire collected basic information about the participant including age, sex, residential distance from the central business district, place of birth, ethnic background, employment status, and a brief medical history.
Pain-related questionnaires
The two patient groups were asked to report on their use of health care services for their pain over the past 3 months including the number of visits to: their general practitioner, medical specialists, health professionals, the emergency department, hospital admissions, and number of diagnostic tests. As both patient groups were taking an extensive array of medications, only painrelated drug classes, commonly used by patients with chronic pain, 43 were recorded and analyzed. These latter medications included paracetamol, NSAIDs, antidepressants, anticonvulsants, and benzodiazepines. Patients self-reported the number of years since CLBP diagnosis from their Pain Specialist (B.M. or J.O.C.).
For patients receiving opioids, their daily dosage was determined by converting all opioids to a standardised oral morphine equivalent daily dose (oMEDD) using the iOS application developed by the Australian and New Zealand College of Anaesthetists Faculty of Pain Medicine guidelines. 21 Given the complex pharmacokinetics of methadone, the guidelines from the Washington State Agency Medical Directors' Group 13 were used to calculate the oMEDD for patients receiving methadone.
Patients were administered the Brief Pain Inventory 11 to measure additional areas of pain, the severity of pain, and the impact of pain on daily functions; the Depression Anxiety Stress Scales 21 (DASS-21) 33 to measure psychological symptoms of depression, anxiety, and stress; the Pain Self-Efficacy Questionnaire (PSEQ) 36 to measure one's beliefs in their ability to accomplish a range of activities, despite their pain; and the Pain Catastrophizing Scale 50 to measure one's catastrophic thinking related to the pain experience. Each questionnaire has been validated, and further information is summarized in (Supplemental Table 1 , http://links.lww.com/PR9/A21).
Cognitive performance tests
A battery of cognitive tests was administered to all participants to measure premorbid ability, memory, attention, and executive function. These tests included: the Wechsler Test of Adult Reading, 24 the California Verbal Learning Test, 15 the Everyday Memory Questionnaire-Revised, 45 the Brief Assessment of Prospective Memory, 34 the California Older Adult Stroop Test (COAST), 39 the Letter-Number Sequencing (LNS), and Matrix Reasoning. 24 Further information on each test is summarized in (Supplemental Table 1 , http://links.lww.com/PR9/A21).
Plasma cytokine concentrations
One 10-mL peripheral blood sample was obtained using standard phlebotomy techniques for each participant and transferred into two 5 mL tubes containing the anticoagulant ethylenediaminetetraacetic acid. The samples were centrifuged immediately (2000g for 10 minutes at 4˚C), separated, and stored at 280˚C for later analysis. Three K15049D-1 V-PLEX Proinflammatory Panel 1 (human) Kits were used for the quantification of the plasma concentrations of IL1b, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, TNF-a, and IFN-g. The assay was performed in duplicate according to the manufacturer's instructions, 16 using a 1:1 dilution factor. Each 96-well plate contained plasma samples from each group of study participants. A Meso Scale Discovery (MSD) Sector Imager 2400 was used for the cytokine assays. The standard curve produced by MSD Sector Imager software with inverse prediction was used to determine the plasma concentrations for each cytokine of interest.
Statistical analyses
The data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 25 for Windows. 12 Range, mean, and SD were reported for all continuous variables. To reduce the errors associated with multiple comparisons, only essential parameters were chosen for independent statistical analyses. One-way analysis of variance was used to determine differences between groups for continuous variables. Significant differences were further evaluated using Gabriel post-hoc t tests for multiple comparisons, which are recommended when there are an unequal number of participants across groups. 20 Pairwise independent t tests were used for comparisons between patient groups for the pain variables, and x 2 tests were performed for the categorical variables. The significance level was set at P # 0.05 for each statistical test.
Results
Demographics and medical history
Study participants had comparable demographics with no significant differences between groups for age, sex, place of birth, ethnicity, and body mass index as summarized in Table 1 (all P's . 0.05). Patients receiving opioids lived farther away from the city compared with participants in the HC group, and this difference was significant (P # 0.05). Patients were significantly more likely to be unemployed, retired, and/or supported by the Department of Veteran Affairs than participants in the HC group (P # 0.001). Hypertension, depression/anxiety, and osteoarthritis were self-reported significantly more by patients than the HC group (all P's # 0.05).
Pain-related questionnaires
No significant differences were found between the patient groups on the Brief Pain Inventory, DASS-21, or Pain Catastrophizing Scale measures (all P's . 0.05, Table 2 ). This included, no difference in the: mean number of years with CLBP, number of additional areas with pain, mean pain severity scores, mean score of pain interference on daily functions, mean scores for symptoms of depression, anxiety, and stress, and mean score for pain catastrophizing thoughts and feelings. Compared with the HC group, patients reported significantly more symptoms of depression, anxiety, and stress (all P's # 0.001, Table 2 ).
Patients receiving opioids visited their general practitioners significantly more for their pain, were taking more pain-related medications, and had a significantly lower mean PSEQ score, than those patients not taking opioids (all P's # 0.05). Figure 1 illustrates the distribution in PSEQ scores. Scores for patients receiving opioids were skewed to the right (ie, concentrated in the left of the figure), where low scores indicate poor self-efficacy beliefs (Fig. 1) . Opioid doses ranged from 10 to 293 mg/d, with the majority of patients (N 5 12) in the OP group being prescribed doses less than 50 mg/d (Fig. 2) .
Cognitive performance tests
The mean scores on cognitive tests are presented in Table 3 , with the key findings described below.
Premorbid general ability
No significant differences in premorbid general ability were found between the patient groups or between HC and OP. However, premorbid ability was significantly lower for patients in the NO group relative to the HC group, where P # 0.05.
Memory
Memory performance was significantly reduced in patients compared with the HC group. Patients performed significantly worse in their ability to consolidate and retain material over time (as evident in California Verbal Learning Test scores) and selfreported significantly more memory retrieval (Everyday Memory Questionnaire-Revised; P # 0.05) and prospective memory problems (on the Brief Assessment of Prospective Memory; P # 0.05) than the HC group. No significant differences were found between the 2 patient groups in memory performance.
Attention and executive function
Patients with CLBP performed significantly worse in areas of attention (COAST) and executive working memory (LNS) than the HC participants. Patients took significantly longer time to complete the COAST-color and COAST-word tasks, and performed significantly worse on the LNS task compared with the HC group (all P's # 0.05). Patients receiving opioids had a further reduction in attention (COAST-word task) than those patients not taking opioids, and this was a significant finding (0.01 $ P . 0.001). No other significant differences in mean completion times and scores were found between patient groups.
NO patients took significantly longer time to perform the COAST-color-word task (P # 0.05) and scored significantly worse on the Matrix Reasoning task (P # 0.05) than HC participants, whereas this difference was not found between OP and HC. This finding between NO and HC may be attributed to the reduced premorbid general ability of NO patients as described in section 3.3.1.
Plasma cytokine concentrations
No significant differences were found in the mean plasma concentrations of proinflammatory (IL-1b, IL-2, IL-8, IL-12p70, TNF-a, and IFN-g), anti-inflammatory (IL-4, IL-10, and IL-13), and pleiotropic (IL-6) cytokines between the 3 groups. Figure 3 illustrates the variation in concentrations that exist between the 3 groups and between the different individual cytokine types. Unfortunately, some concentrations for IL-1b, IL-2, IL-12p70, and IL-4 could not be analyzed from the plasma samples, as concentrations fell below the lower limit of quantification. The data for each cytokine and patient group are summarized in (Supplemental Table 2 , http://links.lww.com/PR9/A21).
Discussion
This cross-sectional pilot study aimed to explore the differences between patients with CLBP who were and were not taking opioid analgesics on measures of cognitive performance and plasma cytokine concentrations. The hypothesis that patients with CLBP on long-term opioid analgesics would have poorer cognitive performance and further alterations in plasma cytokine concentrations than those patients not using opioids was partially supported. We found that patients on long-term opioids performed significantly worse on attention (COAST-word task) and had significantly lower self-efficacy beliefs (PSEQ) over patients not receiving opioids. However, no further differences were found between the patient groups in pain severity, pain interference, tests of memory and executive function, and mean plasma cytokine concentrations, despite long-term opioid analgesics.
It is well understood that both pain and opioid analgesics affect the central nervous system. 23 Yet, there is contradictory evidence concerning the effects of opioid analgesics on cognitive performance. Studies examining long-term opioid use in patients Groups are defined as HC, healthy control; OP, patients with chronic low back pain receiving opioid analgesics for 3 or more months; NO, patients with chronic low back pain not receiving opioids for 3 or more months. For continuous variables, the range and mean 6 SD was calculated followed by 1-way ANOVAs to generate F ratios, if P # 0.05 for F ratio, Gabriel post-hoc t tests for multiple comparisons were completed to determine the significance between the 3 groups as represented by HC:OP, HC:NO, and NO:OP. For categorical variables, Pearson's x 2 was used to calculate the x 2 coefficient to determine the significance. *0.05 $ P . 0.01; **0.01 $ P . 0.001; and ***P # 0.001. ANOVA, analysis of variance; BMI, body mass index; CBD, central business district; DVA, Department of Veteran Affairs.
with chronic pain have found such treatment to improve cognitive function, 25, 51 whereas others have found that it is impaired 46, 48 or is unaffected by the use of opioids. 31 However, most previous studies have not included a pain-free comparison group and thus were unable to control for potentially confounding variables such as age and sex. Our study incorporated a HC group and found no differences between the patient groups on most tests of cognitive performance, except for attention, which highlights the strong contribution of the pain itself in reducing cognitive performance in people with CLBP. This is consistent with previous studies 31, 38, 54 and may be explained by the continuous nociceptive inputs associated with chronic pain, which may be competing with other sensory inputs. 18 Pain self-efficacy assesses one's confidence in participating in activities such as household chores, work, socialising, and coping with life despite pain. Our finding that patients receiving opioids had lower self-efficacy beliefs than those patients not taking opioids replicates the work by Morasco et al. 35 This finding is clinically important, as lower pain self-efficacy scores in patients prescribed opioids have been independently associated with suicide ideation-to-action 10 and the development of depression. 49 However, a prospective study design would be required to identify the type of relationship between long-term opioid use and pain self-efficacy beliefs.
The interaction between attention and self-efficacy beliefs in patients with CLBP has not yet been thoroughly investigated. Our Table 2 Pain-related questionnaire results for patient groups with chronic low back pain and healthy controls, N 5 60. Groups are defined as HC, healthy control; OP, patients with chronic low back pain receiving opioid analgesics for 3 or more months; NO, patients with chronic low back pain not receiving opioids for 3 or more months. For continuous variables, the range and mean 6 SD was calculated followed by 1-way ANOVAs to generate F ratios, if P # 0.05 for F ratio, Gabriel post-hoc t tests for multiple comparisons were completed to determine the significance between the 3 groups represented by HC:OP, HC:NO, and NO:OP. For categorical variables, Pearson's x 2 was used to calculate the x 2 coefficient to determine the significance. *0.05 $ P . 0.01; **0.01 $ P . 0.001; and ***P # 0.001. ANOVA, analysis of variance; BPI, Brief Pain Inventory; CLBP, chronic low back pain; DASS-21, Depression Anxiety Stress Scale 21; GP, general practitioner; N.A., not applicable; NSAIDs, nonsteroidal anti-inflammatory drugs; oMEDD, oral morphine equivalent daily dose; PCS, Pain Catastrophizing Scale; PSEQ, Pain Self-Efficacy Questionnaire.
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findings indicate that further research is required to determine whether self-efficacy beliefs impact attentional processing and, where they do, what treatment strategies can be implemented to enhance and maintain self-efficacy.
Our findings replicate the work of others 28, 44 by highlighting the significant impact of CLBP on psychosocial variables. Both patient groups had significantly more symptoms of psychological distress (ie, depression, anxiety, and stress) and catastrophizing than HCs. Roth et al. 44 found depressive symptoms and catastrophizing to be correlated with complaints of cognitive impairment in patients with chronic pain, whereas Kurita et al. 28 found anxiety and depression to be associated with poor cognitive performance. Therefore, it is possible that the high prevalence of psychological distress and catastrophizing found in our patients may be contributing to the performance decline observed. However, an alternative study design would be required to determine the mechanism of this relationship.
Patients did not differ in their pain severity or pain interference scores, despite daily opioid analgesics. This finding illustrates that both groups were equally treated for their pain. Alternatively, this may be attributed to the development of opioid tolerance. The long-term use of opioids can lead to the loss of analgesic potency and effectiveness, depending on the specific opioid prescribed. 6 However, a different study design would be necessary to explore the efficacy of opioids in this cohort of patients with CLBP. Therefore, both patient groups were receiving treatments with the same outcome on pain intensity and function.
It has been proposed that altered plasma concentrations of proinflammatory and anti-inflammatory cytokines may indicate a shift in biological equilibrium and contribute to the disease pathology of chronic pain. 16 In patients with chronic pain, the balance appears to be shifted towards a proinflammatory state with a concurrent reduction in anti-inflammatory cytokines. 5 However, failure to confirm this finding is not uncommon. 52 Cytokines have a broad range of roles in many organs and body systems, 42 especially in patients diagnosed with depression and osteoarthritis. 14, 40 In our present work, we found no differences in the mean plasma concentrations of various cytokines between the 3 groups, and thus, this did not support our hypothesis. However, the patients in our study reported significantly more comorbidities including hypertension, depression, anxiety, and osteoarthritis as well as taking a broad array of other medications. Hence, the considerable interindividual variability in the circulating plasma cytokine concentrations may reflect the disease complexity of patients with CLBP.
Our study is not without its limitations. Data were absent for some cytokine concentrations, as results fell below the lower limit of quantification despite using prevalidated multiplexed kits with high specificity and sensitivity. 16 We determined opioid status from medical records, with confirmation from patients and prescribers, and did not measure opioid intake using screening tools, such as urine drug tests, to verify the opioid status of each participant. This means we could not account for opioid receipt from nonmedical sources nor confirm adherence to medications. Patients were receiving heterogeneous opioid doses, and hence, a stratified analysis based on the range of opioid dosages (ie, 10-50 mg/d, 51-100 mg/d, and 101-300 mg/d of oMEDD) would be preferred. However, this was not possible because of the limited number of included patients (N 5 18). Yet, sample size was not a direct limitation, as it was based on those included in previous studies 29, 47, 51 and acceptable for this preliminary study design. Nevertheless, the patients in our study represent a doctor-diagnosed cohort rather than self-reported pain as used in other studies. 17 One trained researcher (G.C.R.) administered all study measures and processed all blood samples, which reduced variation that may otherwise arise from such procedures. Our preliminary results can be used to design a larger prospective study that is adequately powered. Overall, this study was unique in its multidimensional assessment of the pain experience, cognitive performance, and plasma cytokine concentrations, which raises important clinical implications when considering long-term opioid analgesics for patients with CLBP.
To the best of our knowledge, this is the first pilot study that has controlled for the use of long-term opioids while measuring cognitive performance, psychosocial variables, and plasma cytokine concentration in patients with CLBP. We found that patients receiving long-term opioid analgesics for CLBP have minor differences when compared with patients not taking opioids. The frequency of psychological distress and poor Table 3 Cognitive performance test results on measures of premorbid general ability, memory, attention, and executive function for all patients and healthy controls, N 5 60. 5 20) OP (N 5 18) NO (N 5 22) P cognitive performance found in our patients supports a multidisciplinary biopsychosocial approach to pain management.
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